Hepatocellular carcinoma (HCC) is one of the most frequently occurring malignancies and has a high mortality rate. The incidence of HCC differs greatly according to the geographic area. East and Southeast Asia, as well as middle and West Africas have the highest prevalence of HCC. The risk factors for developing HCC are well known and include cirrhosis, hepatitis B virus (HBV) infection, hepatitis C virus (HCV) infection, alcohol consumption, smoking, diabetes, and nonalcoholic steatohepatitis. Cirrhosis is the most significant risk factor, and there is a correlation between the degree of noninvasively measured liver fibrosis and the risk of HCC occurrence. HBV exerts carcinogenic effects by several mechanisms, including host genome integration, and studies have revealed that HBV replication predicts HCC development. HCV induces multistep carcinogenesis from inflammation, to fibrosis and liver cancer. HCC is an appropriate target for surveillance programs for early cancer detection. Currently, liver ultrasonography (US) combined with serum alpha-fetoprotein (AFP, a biomarker of HCC) measurement every 6 months is the standard method of HCC surveillance. Although US is the most widely used tool, its sensitivity in detecting early HCC (i.e., within the Milan criteria) during surveillance is only 63%. AFP is the representative biomarker for both HCC surveillance and diagnosis; however, the unsatisfactory performance of AFP as a surveillance tool means that a novel biomarker or combination with other serum markers is required. Des-gammacarboxy prothrombin and AFP-L3 are candidate biomarkers that are complementary to AFP. The strategies of HCC surveillance vary in different countries according to the healthcare system, the resources available, and health insurance coverage. Many studies have shown that the rate of early cancer detection and rate of application of curative therapies were increased, as was the survival time, by HCC surveillance, which should now become a part of standard care, rather than just a recommendation. Improved US technology and the discovery of new biomarkers are necessary to make further progress in HCC surveillance.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer worldwide and causes significant public health problems, especially in association with chronic hepatitis B or C. The observation that half of HCC cases and deaths are estimated to occur in China indicates that hepatitis B virus (HBV) infection plays a major carcinogenic role in global HCC epidemiology [1] . Moreover, the incidence of liver cancer is high not only in developing countries but has also been increasing among most racial and ethnic groups in developed countries, such as the United States, as a result of hepatitis C virus (HCV) infection and nonalcoholic steatohepatitis (NASH) [2] . Despite substantial progress in understanding of the molecular pathogenesis of HCC, imaging techniques, and novel therapies (including targeted drugs), the overall prognosis of HCC patients is still poor. Tumor multiplicity, frequent vascular invasion, and accompanying cirrhosis are clinical features of HCC that lead to unsatisfactory outcomes. High rates of tumor recurrence and resistance to chemotherapeutic agents also make the management of HCC challenging. The poor outcome of patients with HCC is attributed to late detection, with more than two-thirds of patients diagnosed at advanced stages of the disease [3] . However, a considerable improvement in survival has been observed (5-year survival up from 40% to 70%) when patients are diagnosed at an early stage and receive potentially curative therapy in the form of liver transplantation, surgical resection, or tumor ablation [4] . The assumption common to all malignancies is that if a cancer can be detected at the incipient stage and its advance halted, we should be able to reduce the mortality associated with the disease [5] . Cancer screening is justified when the prevalence is high, the target population is readily identifiable, and the test adopted has high accuracy and is acceptable to the population. In this regard, HCC surveillance, i.e., the repeated application of screening in the at-risk population, is considered to be worthwhile in clinical practice. The aim of this article is to summarize the global epidemiology of HCC and to provide an update on HCC surveillance through a review of the recent literature.
Epidemiology of HCC
Approximately 748,300 new cases of HCC were diagnosed in 2008, and 695,900 patients died of the disease; these statistics underline the high mortality rate of this type of cancer [6] . In men, it is the fifth most frequently diagnosed cancer worldwide, but it is the second most frequent cause of cancer death. In women, HCC ranks as the seventh most commonly diagnosed cancer and the sixth leading cause of cancer-related death [7] . The incidence of HCC largely varies according to the geographic area, although it is usually higher in developing countries than in developed countries. East and Southeast Asia, as well as middle and West Africa, have the highest rates of HCC, whereas the rates are low in south-central and western Asia and northern and eastern Europe. The incidences in North Africa and Central America are at intermediate levels ( fig. 1 ). HCC occurrence starts to rise from the age of 40 years and reaches a peak at around 70 years.
The global temporal trend of HCC incidence is not consistent. While the age-adjusted incidence rate of HCC has been decreasing in a few cities in China and Japan, where the main cause of HCC is HBV and HCV, respectively [8, 9] , national registries show that the overall incidence of HCC increased, even in United States, between 1992 and 2008 [10] .
Risk Factors of HCC
In 70-90% of all cases, HCC develops against a background of chronic liver disease or inflammation and cirrhosis. Cirrhosis is recognized as the leading cause of HCC, and the annual risk of developing HCC is reported to be 3-8% in HBV-related cirrhotic patients and 1-7% in HCV-related cirrhotic patients [11, 12] . In a Korean 9-year prospective study of 4339 patients, cirrhosis was found to be the strongest predictor of HCC development [13] . In cirrhotic liver, activated hepatic stellate cells are responsive to such cytokines as plateletderived growth factor and transforming growth factor-β, which in turn activate both mitogen-activated protein kinase and phosphatidylinositol-3-kinase/Akt pathways, and this constitutes the signal cascade typically seen in hepatocarcinogenesis [14] . Furthermore, several lines of evidence suggest that stellate cells, which play a key role in cirrhosis, may harbor the potential to transdifferentiate into progenitor cells and are possibly linked to the development of HCC [15] . Based on the hypothesis that the degree or stage of fibrosis could be a linear predictor of the development of HCC, the correlation between baseline liver stiffness measurement (LSM) by transient elastography and HCC occurrence during follow-up was studied in 1130 HBV-infected patients. During the median follow-up of 30.7 months, the 3-year cumulative incidence rate of HCC was 5.98%, and a higher LSM value (> 8 kPa) was an independent predictor of HCC development. The HCC incidence was 23.9% in patients with LSM ≥ 23 kPa, whereas it was only 1.3% in patients with LSM < 8 kPa [16] . Although those findings need to be validated prospectively and in external cohorts, this study highlights the importance of advanced fibrosis (as measured noninvasively) in HCC development. Because most investigators include only Child-Pugh grade A or B cirrhotic patients in their surveillance programs, the effect of advanced cirrhosis (Child-Pugh grade C) on HCC occurrence remains unknown. Five-year disease-free survival following liver transplantation (LT) in HCC patients is approaching 75% after the widespread application of the Milan criteria [17] . Consequently, the efficacy of surveillance for HCC requires further evaluation in patients with decompensated cirrhosis, since even early-stage HCC identified by surveillance in these patients can clearly lead to LT.
The epidemiological observation that global differences in the incidence of HCC coincide with the prevalence of HBV infection strongly suggests that HBV has a hepatocarcinogenic influence. In Asia and Africa, approximately 60% of all cases of HCC are related to chronic HBV infection [18] . Numerous studies have shown that the oncogenic role of HBV in liver cancer includes HBV DNA integration into the host genome, HBx protein transactivating several signaling pathways, and the relation between pre-S/S protein and endoplasmic reticulum stress/oxidative host DNA damage [19, 20] . Accordingly, unlike the situation with HCV-related HCC, a significant number of HCC cases arising from HBV infection have a noncirrhotic liver background [21] . Viral factors including hepatitis B e antigen (HBeAg) status and genotype have been found to affect HCC development to varying degrees. Among these factors, persistent HBV replication indicated by the serum HBV DNA concentration is a predictor of HCC. A cohort study conducted in Taiwan showed that there is a biological gradient of risk for development of HCC based on the viral load at the start of the investigation [22] . This study involved more than 3700 subjects aged from 30 to 64 years with a follow-up period of more than 10 years. Whereas subjects with an initial viral load below 2000 IU/ml had the lowest risk of HCC, subjects in whom the viral load exceeded 20,000 IU/ ml had the highest risk of HCC. Based on this relationship between HBV load and HCC risk, a scoring system was developed to predict 3-, 5-, and 10-year HCC occurrence in untreated HBV-infected patients. This model has the merit of including such variables as sex, age, alanine aminotransferase level, HBeAg status, and HBV DNA quantity; these parameters are easily measured not only in tertiary hospitals but also in private clinics. Although the scoring system was validated by external data from Korea, Taiwan, and Hong Kong [23] , it remains unclear whether the system can be applied to patients who have already received antiviral therapy. It seems that these viral factors form a complex web of interactions to initiate and promote HCC. In addition, the role of nonviral factors in HBV-related HCC is increasingly being recognized.
Following the case-control study indicating that chronic infection with HCV is strongly linked to HCC, many epidemiologic and experimental studies have confirmed that HCV is carcinogenic to humans [24] [25] [26] . In a prospective, community-based study that recruited 12,008 men, the risk of developing HCC was 20-fold higher in HCV-positive subjects compared to HCV-negative subjects [27] . Despite significant progress in the treatment of HCV infection, including direct-acting antivirals, HCV infection is present in a large proportion of patients with cirrhosis and HCC in Europe and Japan. Moreover, the incidence of HCC has even increased in the United States, and studies have shown that HCV is the underlying cause of this trend [28] . Unlike the oncogenesis of HBV-related HCC, the oncogenesis of HCV-related HCC involves multiple steps from chronic inflammation to fibrosis, cirrhosis, and genetic changes, rather than resulting from a direct oncogenic property of HCV itself. Hence, most cases of HCV-related HCC involve underlying cirrhosis, and the annual incidence of HCC is 2-5% in cirrhotic patients. Interestingly, one study showed that HCC incidence increased with fibrosis stage in HCV-infected patients, although the incidence in those with fibrotic liver was lower than in those with cirrhosis [29] . Noninvasive measurement of liver fibrosis by transient elastography also revealed that there was a close relationship between LSM score and the presence of HCC in HCV-infected patients [30] .
Excessive alcohol consumption is known to have an influence on the development of cirrhosis and liver cancer. Furthermore, alcohol interacts in a complex way with other environmental or host factors, such as HBV or HCV infection, to induce HCC. Hepatic steatosis evolves in all excessive drinkers; however, only about one-third of them develop significant necroinflammation and fibrosis and only about 10% progress to cirrhosis [31] . Among the latter, 1-2% per year develop HCC [32] . A variety of factors relating to alcohol contribute to chronic hepatocyte damage, inflammation, and liver fibrosis. Among these, the induction of cytochrome P450 2E1 (a microsomal enzyme) and the resulting generation of reactive oxygen species and lipid peroxides are the pivotal mechanisms of alcohol-induced cirrhosis [33] . Recent evidence also suggests that tumor necrosis factor-α and toll-like receptor-4 mediate hepatocyte injury and liver fibrosis from increased uptake of endotoxins produced by gut bacteria in alcohol-induced liver diseases [34] . A meta-analysis of 17 case-control and three cohort studies, including 2294 cases of HCC, reported a direct trend in risk of developing HCC with increasing alcohol consumption. The relative risk (RR) was 1.36 [95% confidence interval (CI) 1.23-1.51] for 50 g/day and 1.86 (95% CI 1.53-2.27) for 100 g/day [35] .
Obesity and metabolic syndrome are the main causative factors of nonalcoholic fatty liver disease and NASH, which in turn probably contribute to increased incidence of HCC in Western countries. Multiple cohort or case-control studies have shown an association between the presence of diabetes and risk of HCC development [36] [37] [38] . A meta-analysis revealed that pre-existing diabetes was significantly associated with increased risk of HCC incidence (meta-RR 1.87, 95% CI 1.15-2.27) and HCC-specific mortality (meta-RR 1.88, 95% CI 1.39-2.55) compared with their nondiabetic counterparts, indicating that diabetes may be associated with elevated risk of both HCC incidence and mortality [39] . Phosphatase and tensin homolog (PTEN) is a multifunctional phosphatase and it is also a ubiquitously expressed tumor suppressor gene that downregulates PI3Ks [40] . The hepatocyte-specific PTEN-deficient mouse is an efficient model for NASH, in which PI3K-Akt activation leads to peroxisome proliferator-activated receptor γ overexpression and increased oxidative DNA damage, resulting in hepatic tumorigenesis. It is reported that liver tumors are present in 66% of male and 30% of female PTEN-knockout mice by 40-44 weeks of age [41] . Molecular studies have shown that a high concentration of insulin and insulin-like growth factor 1 in type 2 diabetics may have a hepatocarcinogenic effect [42] . In this regard, great attention is being paid to anti-diabetic drugs to reduce the risk of HCC development in diabetic patients. Indeed, several epidemiological studies have shown that treatment with metformin, an insulin sensitizer, was related to a decrease of HCC incidence in diabetic patients [43, 44] .
Smoking is a potential risk factor of HCC development, which is to be expected based on the carcinogenic effects of several compounds in cigarette smoke and the role that liver plays in the metabolism of these compounds. In a study of 1,283,112 people who had been followed since they were cancer free, cigarette smoking was found to be associated with increased risk of mortality from HCC in men (RR 1.4; 95% CI 1.3-1.6) [45] . Familial clustering of HCC cases is frequently observed, especially in Eastern countries, where HBV spread within the household is thought to be the reason why family history of HCC is a risk factor. A recent study also showed that a family history of liver cancer increases HCC risk independently of hepatitis even in a Western population [46] .
Target Population for HCC Surveillance
Because cirrhosis is the strongest risk factor of HCC development, patients with compensated cirrhosis should enter surveillance programs irrespective of the etiology. However, it is not generally regarded to be cost-effective to perform surveillance tests on patients with decompensated cirrhosis. Although the risk of developing HCC in HBV-infected patients varies with the time since HBV acquisition, it is universally agreed that Asian or African patients need to undergo surveillance whether or not HBV is undergoing replication [47] . The issue of when to start surveillance in these patients requires accumulation of more data. Clearly, HCC surveillance must start at an earlier age in patients infected in the perinatal period or during childhood. However, currently, the lower age cutoff for surveillance is determined and individualized based on the prevalence of HCC, the availability of resources, and coexisting risk factors such as family history of HCC. The current guidelines of the American Association for the Study of Liver Diseases (AASLD) recommend surveillance only in cirrhotic patients with HCV, based on the HCV-related carcinogenic process from hepatitis, fibrosis, and cirrhosis to HCC. However, the incidence of noncirrhotic HCC in patients with HCV has been reported to be higher than expected [48] . Thus, it might be practical to perform surveillance of HCV carriers even if they do not definitely have cirrhosis. The accurate prediction of HCC development in the population at risk is an important issue for clinicians, and so some studies have combined various risk factors to estimate the probability of HCC occurrence [15, 23, 49, 50] .
Surveillance Tests
Ultrasonography Ultrasonography (US) is the mainstay of surveillance for early detection of HCC. It is safe, easy to use, comfortable for patients, and allows accurate identification of lesions by experienced operators. It also has the advantage of providing real-time images in a variety of scanning planes. However, the disadvantages of US examination are that the information obtained is largely dependent on the operator's skill and equipment and that it is difficult to detect small lesions in patients with obesity or severely nodular, contracted livers. The majority of studies on the accuracy of US surveillance do not report false-positive results, and it is often unclear whether US was used for surveillance or diagnosis [51] [52] [53] . In a meta-analysis that evaluated the performance of surveillance US, sensitivity and specificity were both 94% in detecting all stages of HCC, whereas the sensitivity was 63% in early HCC defined as one nodule < 5 cm or three nodules each < 3 cm in diameter without gross vascular invasion (the Milan criteria) [54] . Therefore, the sensitivity of surveillance US is much lower for single small (< 2 cm) HCC, which are the best candidates for curative resection or radiofrequency ablation. Double-contrast US using intravenously injected Sonazoid can identify Kupffer cell defects and arterial blood flow, and so is reported to have a better performance in detection of small HCC than conventional B-mode US, especially in Japan [55] . This new technique is promising as it may overcome the limitations of US in coarse liver; however, the technique requires further validation in other countries. The effectiveness of computed tomography (CT) or magnetic resonance imaging (MRI) has not been well studied. In a retrospective study of 225 HCC patients who underwent liver transplantation, the sensitivity of US, CT, and MRI in detecting nodules < 2 cm was 21%, 40%, and 47%. Whereas, the specificities of the three modalities for lesions < 2 cm were 82%, 74%, and 77%, respectively [56] . Due to the radiation hazard of CT, the long scanning time, the higher cost, and the higher false-positive rate, it is generally not acceptable to routinely use this modality in HCC surveillance. Nevertheless, alternative imaging modalities, including CT or MRI with modified scanning protocols to reduce radiation exposure, scan times, and costs, might be necessary for selected cirrhotic patients for whom US is not an adequate tool in HCC surveillance.
Alpha-Fetoprotein (AFP)
AFP is the most commonly used serological marker for HCC, although the practice guidelines of the AASLD exclude AFP from surveillance testing, leaving US as the only option [47] . There are insufficient data on the accuracy of AFP in HCC surveillance. However, the observation that 80% of patients with small HCCs show no increase in AFP level indicates that this biomarker is not optimal for the detection of early HCC. In a recent study of 1031 patients with chronic hepatitis C who had been recruited in the Hepatitis C Antiviral Longterm Treatment Against Cirrhosis (HALT-C) trial, the performance of AFP as a surveillance biomarker was assessed in 39 HCC patients and 77 matched controls. With a cutoff of 20 ng/ ml, the sensitivity and specificity of AFP were 47% and 75% at 12 months before diagnosis of HCC. Whereas, the sensitivity was just 3% and the specificity was 100% with a cutoff of 200 ng/ml [57] . Nonetheless, many physicians worldwide use serum AFP measurement combined with US to reduce the chance of missing small lesions against the cirrhotic background; these lesions are hard to detect even for experienced operators. It does not seem practical to exclude AFP measurement from HCC surveillance in the absence of prospective studies comparing US+AFP with US alone. In particular, the importance of serological surveillance needs to be stressed in developing countries where the availability of US surveillance is quite low.
Des-Gamma-Carboxy Prothrombin (DCP)
DCP is a well-known and widely used tumor marker for HCC, especially in Korea and Japan. Many studies have evaluated the diagnostic accuracy of DCP compared with that of AFP [58] [59] [60] . In a Korean study, the performances of AFP and DCP were assessed during HCC surveillance with cutoffs of 20 ng/ml and 40 mAU/ml, respectively [61] . The sensitivity and specificity of AFP were 57.5% and 88.0%, while those of DCP were 51.9% and 97.0%, respectively. In a multicenter study carried out in the United States, DCP had a higher sensitivity (74%) than AFP (59%) at the cutoff recommended by the practice guidelines. However, when the cutoff level was determined by the receiver operating characteristic curve, AFP showed a higher sensitivity (70%) than DCP (66%) [58] . DCP also has limitations as an effective biomarker for HCC surveillance. The first is that its sensitivity is unacceptably low for small HCCs. It was found that the sensitivity of DCP was only 35.0% and 39.3% in HCCs smaller than 2 cm and smaller than 3 cm, respectively [62] . The second is that DCP is usually regarded as a marker for poor prognosis or for HCC with vascular invasion, which makes it unlikely that increases in DCP levels are an indication of early HCC [63] [64] [65] . DCP is complementary to AFP, and so the serum level of this marker may be increased in AFP-negative HCC. The measurement of both AFP and DCP for HCC surveillance is a routine clinical practice in Japan to improve the detection rate of early HCC [66, 67] . So far, there is no concrete evidence that shows the superiority of AFP+DCP compared to AFP alone in HCC surveillance. Thus, a prospective study is necessary to compare the performance of AFP+DCP with that of AFP alone in cirrhotic patients in the setting of a surveillance program.
Fucosylated Fraction of AFP
The fucosylated fraction of AFP (AFP-L3) is known to be more specific for HCC than total AFP is [68] . However, the conventional assay for AFP-L3 is unstable, and AFP-L3 may be undetectable when the serum AFP level is < 20 ng/ml, although the clinical usefulness of this biomarker has been reported. Recent technical progress has improved the analytical sensitivity of this assay by using novel and advanced microfluidics-based separation science [69] . The diagnostic performance of AFP-L3 assayed by this highly sensitive method (hs-AFP-L3) was evaluated in 396 HCC and 270 non-HCC control patients whose AFP levels were < 20 ng/ml. The sensitivity and specificity of hs-AFP-L3 were 41.5% and 85.1%, respectively, at a cutoff level of 5%, which was a significant increase compared to the 7.0% sensitivity of the conventional AFP-L3 assay [70] . It is noteworthy that the detection rate of early HCC in Japan is more than 60%, which is the highest in the world [66] . This high rate of early HCC detection may be due in part to intensive surveillance programs using three biomarkers with different characteristics, i.e., AFP, DCP, and AFP-L3 [67] . Besides improved specificity and cost-effectiveness, combined measurement of tumor markers increases the chance of detecting small HCCs. The utility of hs-AFP-L3 in HCC surveillance needs to be validated by a prospective study evaluating the individual sensitivities and specificities of US, AFP, DCP, and AFP-L3.
Other Biomarkers
Osteopontin (OPN) is a secreted phosphoprotein that binds alphaV-integrins and cluster of differentiation 44 families of receptors [71] . OPN is reportedly not only associated with tumor invasion, progression, and metastasis in various cancers [72] , it is also a potential biomarker for detection of early HCC. In a recent study, plasma OPN was better than AFP at differentiating HCC from cirrhosis (or viral hepatitis) in all subgroups of HBV-HCC, HCV-HCC, and early HCC [73] . Furthermore, the observation that OPN was already elevated 12 months before HCC diagnosis in a surveillance cohort is promising and implies that this marker could be used as a surveillance test.
Glypican-3 (GPC-3) is normally involved in the regulation of cell proliferation and survival during embryonic development and functions as a tumor suppressor. The specificity of GPC-3 is known to be 100% because it is absent in hepatocytes of healthy subjects and patients with nonmalignant hepatic pathology. However, its low sensitivity (50% in HCC) is an obstacle to its use as a surveillance biomarker [74] .
Surveillance Interval
Based on the doubling time of untreated HCC, it is generally recommended that surveillance should be performed at intervals of 6-12 months. This interval range is based on the assumption that a lesion that was not detected during the previous surveillance US examination will be detected at the smallest practical detection size at the next examination. The concept of "enhanced follow-up" should be differentiated from surveillance. Because the surveillance interval should be determined based on the characteristics of tumor growth, not by the risk of developing HCC, it is not relevant to shorten the surveillance interval even when a patient has a high probability of developing HCC. On the other hand, enhanced follow-up means that special attention can be paid to a suspicious lesion found on the previous surveillance test. For instance, repeated US or CT scan might be performed for that suspicious lesion a few weeks or months later. Enhanced follow-up should also be applied when tumor marker levels are gradually increasing during surveillance. Currently, it seems that the 6-month strategy is superior to the 12-month strategy in terms of early tumor detection and overall survival. Patient survival in the 6-month surveillance group was found to be higher than that in the 12-month group in a prospective Korean study of predominantly HBV-infected subjects [75] . A Western study also confirmed this result by demonstrating a better cancer stage and 5-year survival rate in the group undergoing semiannual surveillance in predominantly HCV-infected patients [76] . This raises the question as to whether shortening the surveillance interval from 6 months to 3 months would lead to a further improvement in outcome. The answer appears to be "no," because a 3-monthly US surveillance program did not provide any advantage over a 6-monthly pro-gram. Instead, it only increased costs due to false-positive results [77] .
Benefits of HCC Surveillance
Many studies have revealed that surveillance increases the survival rate in HBV carriers and patients with cirrhosis by detecting HCC at early stages that are amenable to curative treatments such as resection, ablation, and liver transplantation [51, 52, 75, 76, [78] [79] [80] [81] . A randomized trial conducted in China is the only study to have investigated the outcome of HCC surveillance [78] . In that study, patients with chronic hepatitis B were randomized to a surveillance arm or a no surveillance arm. Despite several limitations, such as resection as the main therapy, suboptimal compliance with surveillance, and HBV as the predominant etiology, there was a 37% reduction in HCC-related mortality in the surveillance arm. The extent of the benefits provided by surveillance programs in cirrhotic patients differs because of the heterogeneity of the study population and the intensity of the surveillance tests employed. In a study of 1480 HCV-infected patients living in the United States, the use of either AFP or US surveillance during the 0-6 months or the 7-24 months before HCC diagnosis was associated with a lower mortality risk (hazard ratio 0.71, 95% CI 0.62 to 0.82) compared with no surveillance [82] . A retrospective Hong Kong study also found a survival gain resulting from surveillance [79] . It compared 143 patients with HCC diagnosed during surveillance with 164 patients who were diagnosed with symptomatic HCC; the operability and feasibility of treatment by transarterial chemoembolization in patients who had undergone surveillance (26.8% and 45.1%) were significantly higher than in patients who had not undergone surveillance (7.9% and 32.3%). The cumulative survival was also higher in patients who had undergone surveillance. 
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comes of HCC surveillance performed in different geographic areas. Most previous studies involve intrinsic lead-time bias because of their retrospective nature; therefore, a welldesigned randomized controlled trial (RCT) is necessary to confirm the effectiveness of HCC surveillance. However, a recent study reported that it may be impossible to conduct a RCT on HCC surveillance because 99.5% of patients informed of the benefits and risks would not participate in such a trial. Thus, the accumulated evidence currently suggests that surveillance for early HCC detection should no longer be just a recommendation, but should become a standard of care in clinical practice [83] .
Future Perspectives and Conclusions
The current strategy of HCC surveillance faces two issues. The first is whether the recommendation of US (+AFP) examination is being strictly adhered to for cirrhotic patients. Unfortunately, data on this subject are not readily available from Asian countries, where the prevalence of HCC is the highest in the world. In a study carried out in the United States, around 42.0% of cirrhotic patients received one or more surveillance tests within the first year after diagnosis of cirrhosis. However, a decline in the percentage of patients undergoing surveillance was observed in the following 2-4 years. In addition, among cirrhotic patients with at least 2 years of follow-up, routine surveillance occurred just in 12.0%, inconsistent surveillance in 58.5%, and no surveillance in 29.5% [87] . These data indicate that adherence to HCC surveillance is still suboptimal. The second issue is how to improve the performance of surveillance testing to detect early HCC. Numerous biomarkers have been identified by advanced proteomics techniques such as mass-spectrometry in laboratories, but these have failed to enter clinical use. In this regard, small noncoding genetic molecules (microRNAs) have emerged as novel biomarkers for diagnosis of early HCC, and several types of microRNAs in blood have already been validated as being useful in discriminating HCC from cirrhosis [88] .
The outcome of HCC surveillance is still not satisfactory in the opinion of most physicians; further progress is needed to achieve higher rates of early HCC detection and improved patient survival. There is a real difference in the viewpoints of Eastern and Western physicians with regard to HCC surveillance, especially in terms of whether to use biomarkers. The differences in health care policies and systems, including insurance cover, determine the priorities of early cancer detection and the cost-effectiveness of HCC surveillance. Certainly, comprehensive and balanced guidelines considering both points of view are required [89] .
